Introduction
Single molecular magnets (SMMs) have been an attractive research eld owing to the memory effect exhibited by individual molecules, thus making them candidates for potential applications of high-density data storage technologies, quantum computing and single-spin manipulation.
1 The large spin and strong intrinsic magneto-anisotropy of lanthanide ions ( lanthanide complexes. However, the challenge is to suppress the quantum tunneling of magnetization (QTM) in order to increase the anisotropy barrier, which depends mainly on the crystal eld, intermolecular interactions as well as the hyperne interactions. 3a,8a,9 Our previous work showed that [Dy(hfac) 3 (pz) 2 ] (pz ¼ pyrazole) 10 was an SMM with a barrier of 28.32 K, and how a small change of the ligand eld or intermolecular Dy/Dy dipolar coupling affects the magnetic properties of Dy III SMMs.
To further investigate the effect of inter-molecular interactions on SMM behavior, it is interesting to design a similar compound using 1-methylimidazole instead of pyrazole. The presence of the methyl group will affect the intermolecular Ln/ Ln dipolar coupling of lanthanide complexes, which will give rise to subtle but intriguing changes of the magnetic properties.
11,12
As mentioned above, by utilizing the 1-methylimidazole (1-MeIm) ligand, three novel mononuclear lanthanide complexes [Ln(hfac) 3 $(1-MeIm) 2 ] [Ln ¼ Dy(1), Tb(2) and Ho(3)] have been obtained and characterized. Surprisingly, by using 1-methylimidazole instead of pyrazole to coordinate with Dy(hfac) 3 units in complex 1, it signicantly increases the energy barrier of Dy(III) ion from 28.32 to 42.54 K, with the change of ligand eld symmetry from D 2d for Dy(III) ion to D 4d . In addition, the expansion of intermolecular Dy-Dy distances from 8.87Å to 9.10Å, as we expected, decreases the intermolecular Dy(III) coupling and suppresses QTM to some extent. Complex 1 represents an example of mononuclear lanthanide complexes displaying single-ion magnetic behavior.
Meanwhile, lanthanide compounds can exhibit highly efficient and long-lived luminescence with well-resolved multiline emissions in the UV-Vis. 9a,13 So the luminescence spectra of complexes 1 and 2 are also investigated in the visible spectrum.
Experimental

Materials and physical techniques
All chemicals and reagents used in the syntheses were of analytical grade without further purication. C, H, N analyses were obtained on a Perking-Elmer elemental analyzer model 240. Fourier transform infrared spectroscopy was carried out in the range 400-4000 cm spectrophotometer using KBr pellets. Luminescence spectra and uorescence lifetime studies were performed by using solid samples with an Edinburgh FLS-920P spectrophotometer. Inductively coupled plasma optical emission spectroscopy (ICP-OES) was measured with central mental (Dy, Tb, and Ho) by Spectro-Blue. All magnetic data were measured on a SQUID MPMS XL-7 magnetometer using polycrystalline samples. Diamagnetic corrections of experimental magnetic susceptibility data are estimated from Pascal's constants.
9h,14
Synthesis of [Ln(hfac) 
Dy(hfac) 3 $2H 2 O (0.05 mmol, 0.041 g) was suspended in 20 ml of n-heptane and heated with stirring. Aer reuxing for about 2 h and cooling to 60 C, 1-methylimidazole (0.1 mmol, 0.082 g) in CH 2 Cl 2 (5 ml) was added, and the mixture was stirred for 30 minutes. By cooling the solution to room temperature, the ltrate was slowly evaporated at 4 C. 
15
Crystal structure determination and renement Suitable crystals were selected and mounted on a Bruker SMART 1000 diffractometer with graphite monochromated Mo Ka radiation (l ¼ 0.71073Å) at 113 K for 1, 2 and 3. Lorentzpolarization correction was applied to the data. The structures were solved by direct methods using SHELXS-2014 16 program and renements on F 2 were performed using SHELXL-2014 by full-matrix least-squares procedure with anisotropic thermal parameters for all non-hydrogen atoms. Hydrogen atoms were added theoretically and rened with riding model position parameters and isotropically rened crystal data and details of structural determination and renement are summarized in Table 1 and the selected bond lengths and angles have been provided in the ESI, Tables S1-S3. †
Results and discussion
Crystal structures
Compared with the previously reported [Dy(hfac) 3 $(pz) 2 ], complex 1 has a similar mononuclear structure and is synthesized by substituting two H 2 O molecules by two 1-methylimidazole ligands in a Dy(hfac) 3 $2H 2 O salt. It crystalizes as a symmetrical mononuclear compound [Dy(hfac) 3 $(1-MeIm) 2 ] in monoclinic C2/c space group (Fig. 1) . The Dy III core is also Fig. S1 , † which shows no inter-and intramolecular p-p interaction. Hydrogen bonding interactions between the molecules were not found in the complex 1.
The structures of complex 2 and 3 consist of similar mononuclear units as those in complex 1 with only small differences in the bond lengths and angles. Their molecular structures, D 4d -symmetry polyhedrons and packing diagrams are given in the ESI, Fig. S2 T value keeps roughly constant from 300 K to 50 K but decreases more and more rapidly as temperature drops from 50 K and reaches a minimum value of 13.13 cm 3 K mol À1 at 2 K (Fig. 3) , which probably results from the progressive depopulation of the Dy III stark sublevels and/or intermolecular interactions. Reduced magnetization data for complex 1 was determined at different temperatures (inset of Fig. 3 ). The magnetization values show poor superposition even at the highest available elds. Moreover, the maximum value of 8.86 Nb is considerably lower than the expected value, which indicates the presence of a signicant magnetic anisotropy and/or low-lying excited states.
3i,9h,18
Dynamic magnetic properties of 1. The frequency-and temperature-dependent alternating current (ac) susceptibilities for 1 were obtained under zero-dc eld (Fig. 4 and S7 †) . With the increasing temperature the peaks of the c 00 M data move to higher frequency, which reveals the typical features associated with the Fig. 2 The luminescence spectra of 1 (a) and 2 (b) in the solid state at room temperature. SMM behavior. To further ensure the complex 1 is a SMM but not a spin-glass (0.01 < f < 0.08), the indicative parameter of spin disorder f of 0.21 was obtained based on the data of the temperature dependencies of c 0 M , using Mydosh's formula in eqn (1).
The magnetization relaxation time in the form of ln s derived from the frequency-dependence measurements is plotted as a function of 1/T between 2 and 11 K (Fig. 5) . Above 7.7 K, the relaxation follows a thermally activated process permitting the estimation of an energy barrier of 42.54 K with a pre-exponential factor (s 0 ) of 1.13 Â 10 À6 s based on the Arrhenius law, which is consistent with the expected s 0 of 10 À6 to 10 À11 for a SMM. 3g-i At lower temperatures a gradual crossover to a temperatureindependent regime is observed and below about 3.5 K, a dominant quantum regime with a s value of 0.0004 s explains the absence of M vs. H hysteresis effect at 2 K (Fig. S8 †) , which is likely due to the hyperne coupling and dipolar spin-spin interactions of the metal cations. As a result, fast quantum tunneling of magnetization was observed.
Cole-cole plots (Fig. 6 ) in the temperature range of 2-10 K with the form of c ) reduce the admixing of states on opposite sides of the barrier and successfully suppress QTM, which proved the conclusion already obtained by Tong et al. that SIMs with the ve symmetries (C Nv , D Nh , S 8 (I 4 ), D 5h , and D 4d ) usually showing higher energy barriers. 3a,c,e,h,22 And the intermolecular Dy-Dy distance changes from 8.87Å to 9.10Å, also decreases the intermolecular Dy ions dipolar coupling then minimize the QTM to some extent.
Static magnetic properties for 2 and 3. As depicted in Fig. 7  and 8 , the temperature dependence of magnetic susceptibilities for 2 and 3 are also studied over the range from 300 to 2 K. At room temperature, the c Upon cooling, the c M T value of 2 goes down slowly and reaches a minimum of 11.57 cm 3 K mol À1 at 77 K, then gradually rises to a maximum of 11.75 at 53.4 K and further declines more and more rapidly to 10.13 cm 3 K mol À1 at 2 K. However, the c M T Fig. 4 Frequency dependence of the in-phase (left) and out-of-phase (right) ac susceptibility of 1 below 11 K, under zero-dc field. Variable temperature ac susceptibility data for complexes 2 and 3 are also collected, which are given in the ESI, Fig. S9 and S10. † No frequency-dependent signals of imaginary component c 00 M have been observed for two complexes even at 2 K. That might be due to the Tb and Ho ions spin states are more sensitive to crystal-eld, which usually give Tb and Ho ions very small J grand state and/or QTM, to induce their complexes have too small energy barrier to prevent the inversion of the spin.
Conclusion
Using 1-methylimidazole ligand in association with Dy III , we successfully synthesized a symmetrical mononuclear complex of [Dy(hfac) 3 $(1-MeIm) 2 ], which exhibits slow relaxation of magnetization considered as one of the examples of a SMM as well as the Dy III characteristic emission at room temperature.
The change of ligand eld symmetry from D 2d for lanthanide ion to D 4d resulted in a larger energy barrier of Dy ion from 28.32 to 42.54 K in complex 1 where 1-methylimidazole was coordinated, as compared to [Dy(hfac) 3 (pz) 2 ]. The higher symmetry coordination environments reduce the admixing of states on opposite sides of the barrier, which controls QTM by tuning the local symmetry of the metal centers. The expansion of intermolecular Dy-Dy distance from 8.87Å to 9.10Å as we expected probably decreases the intermolecular Dy ions dipolar coupling and suppresses QTM effectively as well. It is obvious that the variation in ligands leads to the change of ligand eld and magnetic interaction, which affect the magnetic properties of lanthanide complexes. This proves to be a powerful approach to understand how ligand eld symmetry and magnetic interactions affect the SMM behaviors of lanthanide-based systems.
